Anorexia nervosa (AN) and bulimia nervosa (BN) are disorders of unknown etiology (American Psychiatric Association 1994). The most distinguishing characteristic of AN is severe emaciation. Two subtypes have been identified: Restricting-type AN patients lose weight by pure dieting; Bulimic anorexics also restrict food, but engage episodically in inappropriate compensatory behaviors. BN subjects remain at normal weight and repeatedly binge and purge or engage in other compensatory behaviors.
1988) suggest that altered central nervous system catecholamine neurotransmitter activity could contribute to appetitive, neuroendocrine, and behavioral disturbances in individuals with eating disorders (EDs). In fact, altered catecholamine activity has been found among ill AN and BN individuals. Homovanillic acid (HVA), the major metabolite of dopamine (DA) in humans (Amin et al. 1992) , was decreased in cerebrospinal fluid (CSF) of underweight AN subjects (Kaye et al. 1984) . While ill BN subjects, as a group, have normal CSF HVA, several studies have shown a significant reduction of CSF HVA in BN patients with high binge frequency (Kaye et al. 1990; Jimerson et al. 1992) . Most studies have found abnormalities of peripheral and central noradrenergic activity (Pirke 1996) in ill AN and BN patients.
There are few studies, however, of catecholamine function in people with EDs after recovery. The purpose of this study was to determine whether CSF catecholamine concentrations normalize after long-term recovery from AN and BN. 
METHODS
Thirty-eight long term recovered women were recruited who previously had met DSM-IV criteria for an ED: 19 subjects recovered from AN: six restricting-type AN subjects (rAN-R) and 13 bulimic AN subjects (rAN-B/P); and 19 subjects recovered from normal weight BN (rNWB). The Eating Disorders Family History Interview (M Strober unpublished manuscript, 1987) and past records were used to establish a diagnosis of an eating disorder. The rAN-R subjects had never had BN, the rNWB subjects had never had AN. In the year before the study, participating subjects had to maintain a body weight of greater than 90% average body weight (% ABW) (Metropolitan Life Insurance Company 1959); have regular menstrual cycles; not binge, purge, or restrict food intake; and not meet criteria for substance abuse or dependence. Relatively normal dietary intake (daily caloric intake of Ͼ 20 kcal/kg) and meal patterns was confirmed during the clinical interview. Due to the difficulty of finding recovered AN subjects, we included four subjects below 90% ABW (two rAN-R who were 85% and 89%; and two rAN-B/P who were 88% and 89%). Subjects must not have used psychoactive medication within 30 days of the study. Subjects recovered from an eating disorder were compared to 18 healthy control women (NC), who were matched most closely to the rNWB and who had no lifetime history of psychiatric or chronic medical illnesses. Clinical descriptions of the recovered subjects and controls have been described elsewhere (see Srinivasagam et al. 1995; Kaye et al. 1998 ). After given a complete description of the study, all subject's written informed consent was obtained.
A lumbar puncture (LP) was done during the first ten days of the follicular phase of the subjects menstrual cycle. Subjects were admitted one day prior to the LP to the research laboratory of the Western Psychiatric Institute and Clinic. They were served a standardized, monoamine controlled diet during their stay. Before the LP, the subjects fasted from midnight until the procedure was done, between 8 A.M. and 10 A.M. the next morning. The LP was done with subjects in left lateral position in the L 3/4 intervertebral space. Samples were preserved in ascorbic acid, immediately frozen and stored at Ϫ 70 Њ C. At the time of the LP, blood was drawn for assessment of beta-hydroxy butyrate ( ␤ HBA), a plasma ketone body that is relatively sensitive in reflecting the presence of starvation (Fichter et al. 1990 ).
All assays were done by laboratory staff blind to the clinical data. High-performance liquid chromatography (Scheinin et al. 1983 ) was used to assay the major CSF dopamine metabolite (HVA), and the norepinephrine metabolite 3-methoxy-4-hydroxyphenylglycol (MHPG). The within-run and between-run CV of each catecholamine assay was less than 10%. ␤ HBA was measured using the enzymatic method of Williamson (Williamson et al. 1962 ) (CV of 4%).
The BMDP Statistical Software package was used for data analysis (Dixon 1985) . Correlation coefficients were calculated for all groups together as Spearman Correlation Coefficients (SpCC). Significant correlations were taken into consideration as covariates. Analysis of covariance (ANCOVA) and Tukey post-hoc tests examined inter-group differences. Data are expressed as means Ϯ standard deviation (SD).
RESULTS
The CW and ED subgroups had similar ages at the time of study (Table 1 ). The rAN-R, rAN-B/P, and CW subjects had similar current weight. However, the two AN subgroups weighed less than the rNWB. As expected lifetime high and low body weights differed between subgroups. Plasma ␤ HBA was similar between groups.
An ANOVA revealed a significant group difference ( df ϭ 3,52; F ϭ 2.06; p ϭ .04) for CSF HVA (Table 1 , Figure 1) . Post-hoc testing showed that CSF HVA in rAN-R was significantly reduced ( p Ͻ .05) compared to the rNWB and at a trend ( p Ͻ .1) less than the rAN-B/P or NC women. CSF MHPG was similar between groups. When the ED subjects were compared without the CW, CSF HVA was significantly reduced in rAN-R subjects compared to rAN-B/P or the rNWB group. When the ED groups were considered together, CSF HVA values were negatively related to ␤ HBA ( p Ͻ .05; SpCC ϭ 0.36; and n ϭ 30). CSF HVA concentrations in rAN-R remained significantly reduced (rAN-R vs. rNWB: F ϭ 6.3, p Ͻ .01; rAN-R vs. rAN-B/P: F ϭ 5.4, p Ͻ .05) after ␤ HBA was covaried with HVA.
DISCUSSION
These data raise the possibility that a disturbance of DA metabolism persists after recovery from restricting-type AN. Previously, only a few other studies have reported catecholamine activity after recovery from EDs. We previously reported (Kaye et al. 1984 (Kaye et al. , 1991 ) that a small number of recovered AN subjects had normal CSF HVA and MHPG levels. Diagnostic subdivisions were done by chart reviews in many cases instead of by a direct interview because when these earlier studies were done, it was not well recognized that there were subgroups of AN subjects. Still, these earlier data hint at low HVA in rAN subjects since three of the 5 five were among the lowest in terms of HVA values. In addition, our group reported normal CSF HVA and MHPG levels in rNWB subjects who never had AN (Kaye et al. 1998) .
Is reduced CSF HVA in restricting-type AN due to dif-ferences in age or weight between subgroups? This is unlikely since these factors were similar for rAN-R and rAN-B/P. To avoid the confounding effects of malnutrition we assessed the subjects after recovery from their ED. We found a negative relationship between CSF HVA and plasma ␤ HBA, a ketone body which is an index of starvation that is known to be increased in malnourished ED patients (Pahl et al. 1985 , Fichter et al. 1990 ). However, plasma levels of ␤ HBA were highest in the rAN-B/P, not the rAN-R, subjects. Thus, persistent food restriction did not account for the reduced HVA in rAN-R subjects.
Since the number of subjects studied was small, this finding will need to be replicated in larger a subgroup. The relevance of CSF monoamine measurements is often questioned despite a literature showing CSF HVA reflects the pathophysiology of Parkinson Disease (Olsson and Roos 1968; Mena et al. 1984) . Thus, it may be useful to utilize newer technologies, such as PET imaging with dopamine ligands.
Recent studies suggest a shared etiologic vulnerability for AN and BN (Walters and Kendler 1995; Kendler et al. 1991) . In support of this possibility, recovered AN and BN patients demonstrate similar persistent behavioral symptoms, such as obsessive perfectionism and exactness, and negative affect (Kaye et al. 1998; Srinivasagam et al. 1995) . Other vulnerabilities may be necessary to develop a subtype, such as restricting-type AN. Brain DA systems play a role in systems that may be specifically disturbed in restricting-type AN compared to other ED subtypes. For example, individuals with restricting-type AN have stereotyped and hyperactive motor behavior (Kron et al. 1978; Beumont et al. 1994) . DA plays a role in locomotor activity and displays of stereotypy in animal studies (Kalivas 1993; Angulo and McEwen 1994) . AN individuals have anhedonic, restrictive personalities. They seem to find little in life rewarding aside from losing weight. DA may contribute to motivation and reward (Salamone 1996; Blum et al. 1995) . Finally, restricting-type AN individuals have reduced novelty seeking (Sohlberg and Strober 1994) , a construct associated with DA metabolism (Bardo et al. 1996) . In summary, this preliminary find- NEUROPSYCHOPHARMACOLOGY 1999-VOL. 21, NO. 4 ing of reduced CSF HVA of rAN-R subjects raises the possibility that altered DA metabolism contributes to restricting-type AN behaviors.
